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RAMP LOAD DISC HEAD SLIDER 

FIELD OF THE INVENTION 
The present invention relates to a sHder for carrying a read^ 

BACKGROUND OF THE INVENTION 

Disc drives are well known in the industry. Such drives use rigid discs, which are 
coated with a magnetizable medium for storage of digital information in a plurality of 
circular, concentric data tracks. The discs are mounted on a spindle motor, which causes 
the discs to spin and the surfaces of the discs to pass under respective hydrodynarnic (e.g., 
air ).bearing disc head sliders. The sliders carry transducers, which write information to 
and read inforniation from the disc surfaces. 

An actuator mechanism moves the sliders from track-to-track across the surfaces of 
the discs under control of electronic circuitry. The actuator mechanism includes a track 
accessing arm and a suspension. The suspension includes a load beam and a gimbal. The 
load beam provides a pre-load force to the slider, which forces the slider toward the disc 
surface. The gimbal is positioned between the slider and the load beam, or is integrated in 
the load beam, to provide a resilient connection that allows the slider to pitch and roll 
while following the topography of the disc. 

1 he slider has bearing surfaces which face the disc surface. As the disc rotates, the 
disc drags air under the slider and along the bearing surfaces in a direction that is 
approximately parallel to the tangential velocity of the disc. As the air passes beneath the 
bearing surface, air compression along the airflow path causes the air pressure between the 
disc and the bearing surfaces to increase, which creates a hydmdynamic lifting force that 
counteracts the pre-load force and causes the slider to lift and "fly" above or in close 
proximity to the disc surface. 

Typical sliders include a pair of raised side rails that include some of the bearing 
surfaces and a sub-ambient pressure cavity. As air is dragged under the slider, the bearing 
surfaces of the raised side rails produce positive pressure gradients relative to the top 
surface of the slider, which counteract the pre-load force on the slider. Additionally, air 
dragged under the slider is expanded in the sub-ambient pressure cavity. The expanded air 
in the cavity provides a self-loading force vyhich forces the slider toward the disc surface. 
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The counteraction between positive pressure gradients developed along the side rails and 
the pre-load force provided by the suspension generates an air bearing with a high vertical 
stiffness. When the slider reaches a steady state condition, the slider flies above the disQ 
surface at a desired orientation relative to the disc surface such that reading and writing 
5 operjations can eonirnence. 

Sliders are designed for use with both Contact Stagrt/Stop (CSS) and ranip load or 
ramp load/unload disc drives. CSS disc drives operiate vvith the slider in contact with the 
disc surface during start and stop operations when there is insufficient disc rotational ; 
speed to maintain the bearing that is necessary to support the slider above the disc. CSS 

10 disc drives typically provide a dedicated landing zone near the inner dia^^^ 
where no data is written. 

In ramp load disc drives, it is unnecessary to land the slider on the disc surface or 
start the slider in contact with the disc surface. Thus, one advantage to ramp load is that 
the dedicated landing zone can be eliminated, which increases the data storage capacity of 

15 the disc drive. Ramp load disc drives utilize a ramp that is generally adapted to hold the 
slider by the suspension and is typically located adjacent the outer diameter of the disc. 
Ramp load disc drives load the slider from the ramp above the disc surface as it rotates, 
which allows for the immediate formation of the bearing that support^ the slider above the 
disc. Additionally, prior to shutting the disc drive down, the slider is unloaded from. above 

20 the disc to the ramp. - 

During these loading and unloading operations, the bearing under the slider can be 
unstable. This instability can cause excessive slider pitch and roll modulation, which can 
cause the slider to contact the disc surface. Such contact is undesirable due to the . 
possibility of damaging the disc surface and/or the slider, which could result in data loss 

25 and disc drive failure. Additionally, read and write operations are delayed by the unstable 
bearing under the slider, since they can only be reliably performed when the slider reaches 
a steady state flying condition. 

There is a continued need for irn proved slider designs for disc drives. More 
particularly, there is a need for a slider that has reduced pitching and rolling and faster 

30 bearing stabilization during ramp load and unload operations, 
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SUMMARY OF THE INVENTION 
The present invention relates to a slider that provides reduced pitching and rolling 
and faster bearing stabilization during ramp load and unload operations (hereinafter "ramp 
load operations"). One aspect of the invention is directed to a slider that includes a 
5 longitudinal axis, a recessed region, a bearing surface, first and second elongated rails, and 
fir$t and second elongated depressions* The first and second elongated rails extend 
generally parallel to the longitudinal axis and aire disposed about the recessed region. Each 
of the first and second rails include a disc-facing surface that is recessed from the bearing 
surface. The first and second elongated depressions extend along the first and second rails, 

10 respectively. Each depression includes a depression floor that is rece3sed relative to the 
respective discrfacirig surface. ' 

Another aspect of the invention relates to a slider that includes a longitudinal axis, 
a recessed region, first and second elongated rails, and a plurality of depressions formed in 
the first and second rails. The first and second rails are disposed about the recessed region 

15 and each includes a disc facing surface. The depressions are longitudinally displaced from 
each other along the respective rail. Each depression includes a floor that is recessed . 
relative to the respective disc-facing surface. Additionally, each depression is separated 
from the recessed region by an inside barrier surface that extends along at least a portion 
of the respective rail. A portion of each depression is also separated from a side edge of 

20 the slider by an outside barrier surface that extends along the respective rail. Another 
portion of each depression is exposed to the outside edge of the slider through a barrier 
channelformed between adjacent outside barrier surfaces. 

Yet another aspect of the present invention relates to a slider that includes a 
longitudinal axis, a leading recessed region adjacent to a leading edge of the slider, first 

25 and second elongated rails, a cross rail, and a plurality of depressions forrned in the cross 
rail. The first and second elongated rails extend generally parallel to the longitudinal axis 
between the leading edge and a trailing edge of the slider. The cross rail is positioned 
proximate to the leading edge of the slider and adjacent to the leading recessed region. The 
cross rail extends transverse to the longitudinal axis and includes a disc-facing surface. 

30 The depressions formed in the cross rail each include a floor that is recessed from the disc- 
facing surface of the cross rail. 
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These and other features as well as advantages which characterize the present 
invention will be apparent upon reading the following detailed description and review of 
the associated drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a top plan view of a disc drive in accordance with embgdiments of the 
invention. 

FIGS. 2 and 3 are bottonii. plan views of slider as vievved from ^a 
accordance with ernbpdiments of the invention. , 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
FIG. 1 is a top view of a ramp load disc drive 1 00 with which embodiments of the 
. present invention are useful. Disc drive 1 GO includes a magnetic disc 102 mounted for 
rotational movement about an axis 104 defined by spindle of a spindle motor (not shown) 
that is contained within housing . 106. Disc drive 100 also includes an actuator mechanism 
108 mounted to a base plate 1 10 of housing 106 and pivotally moveable relative to disc 102 
about axis 1 12. In an altemative embodiment, actuator mechanism^ 108 is a linear actuator. 
Actuator mechanism 108, includes actuator arm 1 14 and suspension assembly 1 16. A slider 
118, formed in accordance with embodiments of the invention, is coupled to suspension 
assembly 1 16 through a gimbaled attachment. The gihibaled attachment allows slider 1 18 to 
pitch and roll as it rides on a bearing above surface 120 of disc 102. Slider 1 1 8 supports a 
transducer for reading and writing information on disc 102. Actuator mechanism 108 is 
adapted to rotate slider 1 18 along arcuate path 122 between an inner diameter 124 and outer 
diameter 126 of disc 102. A cover 128 can cover a portion of actuator mechanism 108. 

A controller 130 controls actuator mechanism 1 08 through a suitable connection. . 
Controller 130 can be mounted within disc drive 100 or located outside of disc drive 100. 
During operation, controller 130 receives position information indicating a portion of disc 
102 to be accessed. Controller 130 receives the position information from an operator, from a 
host computer, or from' another suitable controller. Based pn the position information, 
controller 1 30 provides a position signal to actuator mechanism 1 08. The position signal 
causes actuator mechanism 108 to pivot about axis 1 1 2. This, in turn, causes slider 1 1 8 to 
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move radially over disc surface 120 along path 122. Once the transducer is appropriately 
positioned, controller 1 30 then executes a desired read or write operation. 

During operation, as disc 102 rotates, mr (and/or a lubricant) is dragged under the 
slider 118 and along bearing surfaces of the slider in a direction approximately parallel to the 
5 tangential velocity of disc 102. As the air passes beneath the bearing siurfapes, air 

compression along the air flow path causes the air pressure between disc surface 120 and the 
bearing surfaces to increase, which creates a hydrodynamie Hfting force that counteracts a 
pre-load force that is applied to slider 1 1 8 by suspension 1 16 and causes slider 118 fly above, 
and in close proximity to, disc surface 120. 

10 . . ; The bearing under slider 1 1 8 that forms during ramp load operations caii.be unstable, 

which can lead to potentially darnaging contact with disc 1 02. As diiscussed in more detail 
below with reference to FIGS, 2 and 3, slider 1 1 8 of the present invention provides improved 
flying characteristics during ramp load operations. In particul^^ 
provide improved stiffness to excessive roll and pitch modulation, which reduces the 

1 5 likelihood of damaging contact with disc 1 02. Other aspects of slider 118 operate to dampen 
roll and pitch modulation through quick stabilization of the bearing, which allows slider 1 1 8 
to quickly reach a steady state flying condition, at which read and write operations can 
commence. These aspects of the present invention also provide improved perfomiance when 
unstable bearings are formed due to shock loads that are applied to disc drive 1 00 and other 

20 conditions that destabilize the bearing under slider 118. 

FIGS. 2 and 3 are bottoni plan views of slider 1 18 as viewed from the disc surface 
120, in accdrdance with embodiments of the invention. Similar elements are labeled with the 
same or similar reference numbers. Changes in surface shading in FIGS. 2 and 3 indicate ; 
changes in surface depth relative to a bearing surface level 140 that corresponds to bearing 

25 surfaces of slider 1 1 8. Areas on slider 1 1 8 having the same surface shading have the same or 
similar depths relative to bearing surface level 140. 

• Slider 1 1 8 is configured to carry a transducing head 1 42 at trailing edge 1 44. 
. Transducing head 1 42 is preferably configured for reading data from disc 1 02 and writing 
data to disc 102 during steady-state flying condjtions. The steady-state flying condition for 

30 slider 1 18 generally positions leading edge 146 higher than trailing edge 144. This places 
transducing head 1 42 in close proximity to disc 1 02 of disc drive 1 00. 
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The size of slider 1 18 can vary depending on its application, Sli^^ 
''picoslider' that has, for exarnple, a length along side edges 148 and 150 of approximately 
1.25 millimeters (rnm) and a width along ieading^^^ 
However, slider 118 can be formed larger or snialler as desired 
5 Slider 1 18 generally includes a pair of elongated side rails 152 and 154, a center rail 

156, leading pads 1 58 and 1 60, a cross rail 1 62, a leading recessed region 1 64, and a trailing 
recessed region 166. Trailing recessed region 166 is generally know in the art as a 
subambientpressure cavity, which operates 102 in response to 

a fluid flow. Leading recessed region 164 is located adjacent leading edge 146 and generally 

10. extends between sides 152 and 154. Leading recessed region 164 is pre^ 

recessedfroni bearingsurfacelevel 140, such as by 5.0 microns, for exi^ - 
also creates a subambient pressure cavity at leading recessed region 164. 

Cross rail 162 is preferably oriented transversely to a center line or longitudinal axis 
170 and is generally symmetric about line 170. Alternatively, cross rail 162 can b^ 

15 either side of center line 170. Cross rail 162 also includes tapered side edges 174 and 1 76. 
Gross rail 162 is positioned proxirnate to leading edge 146 and adjacent leading recessed 
region 164, Cross-rail 162 also includes a disc-facing surface 178 that is raised relative to 
leading recessed region 164. 

Leading pads 158 and 160 respectively include bearing surfaces 180 and 182 that are 

20 located at a bearing surface level 140. Additionally, center rail 156 preferably includes a 
bearing surface 184 that is at the bearing surface level 140. Bearing surfaces 180, 182 and 
184 can be substantially coplanar with one another and are typically defined during 
fabrication of slider 1 1 8 by a lapping process. Bearing surfaces 1 80, 1 8? and 1 84 are the 
primary generators of the hydrodynamic lifting force that counteracts the pre-load force 

25 applied to slider 1 1 8 by suspension 1 16 and causes the slider to lift and "fly" above or in 
close proximity to disc surface 120 as it rotates. 

Other surfaces of slider 1 1 8 that are recessed from bearing surface level 140 have 
substantially less impact on the lifting force that is generated in response to air currents under 
slider 1 1 8 as compared to bearing surfaces 180, 1 82 and 1 84. In general, the more recessed a 

30 surface is from bearing surface level 1 40, the less lifting force that is generated by the \ 
surface. For example, surfaces that are recessed by 0. 1 nfiicrons or more generally have a 
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negligible effect on the hydrodynamic lifting force that is generated in response to the 
rotating disc during isteady state %ing cqn^^^ 
■ _ Each leading pad 1 5 8 and 1 60 can include a convergent channel 1 86 defined by a 

leading channel end 188, channel side walls 190, a trailing channel end 192, and a channel 
floor 194. Channel floor: 194 is raised relative to leading recessed region 164 and recessed 
relative to bearing surface level 140^ Channel side walls 190 generally extend from the 
respective bearing surface 180 or 1 82 and are raised relative to channel floor 194. Fluid flow 
entering convergent channel 1 86 of the leading pads 1 58 and ' l 60 is bounded by channel side 
walls 1 90 and trailing channel end 192 and is forced to rise oyer trailing channel end 1 92, 
thereby forming a convergent channel for the flow. This creates localized positive pressure 
gradients oh bearing surfaces. 180 and 182 of leading pads 158 and 160 rearward of trailing 
channel ends 192. 

Center rail 156 generally extends from trailing slider edge 144 to leading recessed 
region 1 64. Center rail 1 56 is preferably centered along center line 1 70. In alternative 
embodiments, cente;r rail 156 can be skewed or offset with respect to center lirie 170. Center 
line 1 70 separates trailing recessed region 1 66 into a first recessed region 200 that is 
positioned between side rail 152 and center rail 156, and a second recessed region 202 that is 
positioried between side rail 154 and center rail 156. Recessed regions 200 and 202 are also ; 
defined by leading dams 204 and 206 that extend from center rail 1 56 to side rails 152 and 
154, respectively. Leadirig danis 204 and 206 iiiclude disc-facing surfaces 208 and 210 that 
^ are raised relative to the respective recessed regions 200 and 202. In accordance with one 
embodiment, disc^facing surfaces 208 and 210 are at bearing surface level 140. 

Bearing surface 184 of center rail 156 preterably includes a trailing portion 212 that is 
near trailing edge 144 of slider 1 18. Center rail 1 56 also includes an elongated depression 214 
that includes a depression floor 21 6 that is recessed within center rail 156 relative to bearing 
surface 1 84. Iri accordance with one embodiment of the invention, floor 2 1 6 of elongated , 
depression 214 is recessed to the same level as leading recessed region 164. Side walls 218 ' 
and 220 of center rail 156 define the elongated depression 214 and divide trailing recessed 
region 166 into first and.second recessed regions 200 and 202. A leading end 222 of 
elongated depression 214 is open to receive a fluid flow from leading recessed region 164, 
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Center rail 156 can also include a convergent charuiel 230. Gonv . 
includes a floor 232, a leading channel end 234 that is open to fluid flow from elongated 
depression 214, channel side walls 236 and a trailing channel end 238 that is closed to the 
fluid floW from the elongated depression 214 . Floor 232 is recessed within center rail 156 
5 . relative to bearing surface 184 and raised relative to floor 216 of elongated depression 214. In 
accordance with one embodiment, floor 232 of ippnveirgent channel 230 is recessed from 
bearing surface 1 84 by a depth of approximately 2,0 microns, Convergent channel 230 can 
also be divided into first and second convergent channels 240 and 242 by center wall 244 that 
includes a portion of bearing surface 184. Side walls 218, 220 and 236 serve as barriers to 

1 0 fluid flow from elongated depression 2 1 4 and recessed regions 200 and 202. This maintains a 
greater amount of airflow into convergent channel 230 and reduces the amount fluid flow 
entering recessed regions 200 and 202. " . 

Side rails 1 52 and 1 54 are positioned adjacent side edges 1 48 and 1 50, respectively, 
and are disposed about tfaihiig recessed area 200. Rails 1 52 and 154 extend generally parallel 

15 to lateral center line 1 70, from leading recessed region 1 64 toward trailing edge 1 44, and 

terminate prior to trailing edge 144. The term "generally parallel", as used jn the specification 
and claims, includes rails that are parallel to center line 1 70 and rails that are somewhat 
skevved relative to center line 170, 

Each rail 152 and 154 has an inside.rail edge 250, an outside fail edge 252, a leading 

20 edge 254, a trailing edge 256, and a disc-facing surface 258. In accordance vvith one 

embodiment of slider 11 8, rails 1 52 and 1 54 each include an elongated depression 260, as 
shown in FIG. 2: Elongated depressions 260 extend along side rails 1 52 and 1 54 and each 
include a, depression floor 262 that is recessed relative to the respective disc-facing surface 
258. Depressions 260 are defined by outside and inside barrier surfaces 264 and 266, and a 

25 ' leading hairier surface 268 . Inside barrier surface 266 extends along at least a portion of the 
respective rail and separates depression 262 from recessed region 200. Outside barrier surface 
264 extends along at least a portion of the respective rail and separates depression 260 from . 
outside edge 252 of the respecti ve rail and the side edges 1 48 and 1 50 of slider 1 18. Disc- 
facing surface 258 generally extends over outside and inside barrier surfaces 264 and 266 and 

30 is raised relative to the floor 262 of depression 260. 
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Disc facing surfaces 258 of rails 152 and 154 can be substantially " 
another in accordance with an enibodiment of the invention. These surfaces are typi^^ 
defined during a fabrication of slider 1 1 8 by a lapping proce3^. In accorda^^ 
embodirnent of the invention, disc-facing surfaces 258 are recessed from bearing surface 
5 level 140 by, for example, 0.2 niicrons, Due to this recession, disc-facing surfaces 258 of rails 
152 and 154 provide negligible impact to the hydrodynarnic lifting force tilat is generated jn 
response to the airflow beneath slider 1 1 8 during steady-state flying conditions. As a result, 
the bearing surfaces 180, 182 and 184 of the leading pads 158 and 160 and center rail 156 
determirie the fly height of slider 118 under such conditions^ 
10 However, when slider 1 1 8 rolls excessively about center line 1 70 in response to an 

unstable bearing conditiori, disc-facing surface 258 of the side rail 1 52 or 1 54 that is closest 
to the surface of disc 1 02 produces positive pressure gradients there between. These positive 
pressure gradients generate a hydrodynarnic lifting force that causes slider 1 1 8 to roll in the . 
opposite direction and prevents slider 1 18 from contacting disc 102. The largest positive 
\5 . pressure gradients occur at trailing disc -facing surface 270 of side rails 1 52 and 1 54 which is 
] ' generally closest to the disc surface due to the pitch of slider 118. As a result, ahhough side . . 
rails 1 52 and 1 54 provide little impact to the jflying height of slider 1 1 8 during steady^state 
flying conditions due to the recessed disc-facing sirf^ 

excessive rolling of slider 118 during an unstable bearing condition, such as during a ramp 
20 load operation. In this maniier, contact between slider 1 18 and disc 1 02 can be avoided. 

In accordance with one embodiment of slider 1 18, side rails 1 52 and 1 54 each include 
* a convergent channel or trench 280, that is configured to boost the positive pressure gradients 
that form along the respective disc- facing surfaces 258 to increase the stiffness of slider 118 
from excessive roll modulation. Each convergent channel 280 is preferably recessed within a 
25 trailing disc-facing surface 270 of side rails 1 52 and 1 54, and includes a leading channel end 
282, channel side walls 284, trailing channel end 286 and a channel floor 288. The term 
"convergent channel" includes channels having side walls 284 that are parallel,, converge, or 
diverge, as long as flow through channels 280 is essentially bounded by channel side walls 
284 and trailing channel end 280. Additionally, channels 280 of side rails 1 52 and 154 can be 
30 symmetrical about lateral center line 1 70, as shown in FIG. 2^ or can be asymmetrical to 
provide preferential pres$uri2ation at certain slider skew angles. Each ch^nner280 can be 
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formed through photolithographic processes, such as ion milling, chemical etching or reactive 
ion etching. With these processes, the depth and location of the channels can be accurately 
controlled. 

In accordance with one ernbodiment of the invention, channel floor 288 is raised 
5 relative to elongated depression floor 262 and recessed relative to disc-faeing surface 258. 
For example, channel floor 288 can be reces$ed approximately 2.0 microns from disc-facing 
surface 258 and raised approximately 3.0 microns from depression floor 262. Leading 
. channel ends 282 of convergent channels 280 are open to fluid flow frorn depression 260. 
Once the fluid flow enters channels 280, the flow is essentially bounded by channel side 
10 wal|5 284 and trailing channel end 286 and i$ forced to rise over trailing channel end 286, 
thereby forming a "convergent end" channel for the flow. This creates localized positive 
pressure gradients at discrete regions on trailing disc-facing surfaces 270, that are rearward of 
trailing channel ends 286. However, these localized positive pressure gradients generally will . 
only irnpact the flying of slider 1 1 8 during excessive rolling conditions, as mentioned above. 
15 Additionally, during excessive rolling, the localized positive pressure gradients developed 
along trailing disc-facing surfaces 270 yield high peak pressures that dampen roll mode 
vibrations at the slider's natural resident frequencies. 

; The size and intensity of the localized positive pressure gradient regions that are 
adjaicent to the convergent channels 280, depend on the channel length-to-width ratio, the 
20 ab5olute sizes of the channels, the depth and shape of the channel floors, and the height of the 
column of air between the channel floor and the disc surface. In one embodiment, the ratio of 
channel lengths to the channel widths range from 0.5 to 5.0, but may vary outside that range 
depending on the design pvuposes of the channel feature. 

One embodiment of cross rail 1 62 provides improvied stiffness ifrorn pitch modulation 
25 by forming disc-facing surface 1 78 at bearing surface level 140. Such placement of a bearing 
: surface 1 78, increases the pitch stiffness of slider during pitch modulation through the 
development of positive pressure at disc-facing surface 1 78 when it moves close to disc 1 02. 
The force generated in response to the positive pressure at disc-facing surface 178 can be 
increased or decreased by increasing or decreasing the surface area of disc-facing surface 
30 1 78, respectively. 
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Additional embodiments of slider 118 of the present invention provide 
dampening of slider roll and pitch modulation caused by an unstable bearing. Roll 
modulation is where slider 1 1 8 rotates about central line 1 70 in an oscillatory manner arid . 
pitch modulation is where slider 1 1 8 rotates about axis 289 in an oscillatory manner. 
5 Dampening of roll and pitch modulation of slider 1 1 8 allows slider 1 1 8 to quickly reach a 
steady-state flyirig condition, in which slider 1 1 8 can perforrn. reading and writing operations. 

In accordance with one ernfeodimeht of the invention, side rails 152 and 154 each 
include a plurality of depressions 290 that are longitudinally displaced froni each other along 
the respective rail, as shown in FIG. 3. Depressions 290 operate to dampen roll modulation 6f 

10 slider 1 1 8 by quickly stabilizing the bearing under slider 1 1 8 following a disturbance, such as 
a shock load to disc drive 1 00 or a ramp load operation. Each depression 290 includes a floor 

• ' 292 that is recessed relative to the disc-facing surface 258 of the respective rail. Each 

depression 290 is separated from trailing recessed region 166 by an inside barrier surface 293 
that extends along at least a portion of the respective rail. Additionally, most of the 

15 depressions are further defined by leading and trailing barrier surfaces 294 and 296. Each rail 
1 52 and 1 54 can also include a leading depression 298 that does not include a leading barrier 
surface, but is exposed to the fluid flow. Additionally, portions of each depression 290, such 
as trailing portions 300, are separated from an outside edge 252 of the respective rail by an 
outside barrier surface 302 that extends along the respective rail. Another portion of each / 

20 depression 290, such as leading portion 304, is exposed to outside edge 252 of the respective 
fail through a barrier channel 306, th^t is formed between adjacent outside barrier surfaces 
302. 

During roll modulation, slider 1 1 8; rolls first one way and then the other until the 
bearing under slider 1 1 8 stabilizes. During such rolling of slider 1 18, positive pressure 
25 gradients develop along disc-facing surface of the rail that is closest to the disc. These 

positive pressure gradients increase as the rail moves closer to the disc and decrease as the 
rail rnoves away fi-om the disc. Depressions 290 operate to provide low pressure regions just 
down stream of the convergent channel trailing barrier surface 296 by producing a very 
localized suction cavity while allowing more fluid to enter each depression 290 through 
30 barrier chmmels 306 to the outside edge 252 to increase- the positive pressure created by each 
. convergent channel. This enhancement and isolation of the positive pressure gradients causes 
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the bearing to Stabilize much more quickly than would be pGssiW 

This allows slider 11 8 to quickly reach a steady state flying condition following a bearing 
disturbance, and return to performing reading and writing operations. 

In accordance with one embodiment of the invention, cross rail 162 includes a 
5 plurality of depressions 3 1 0 formed therein, as shown in FIGS . 2 and 3 . Depressions 310 
operate to dampen pitch modulation of slider 1 1 8 by quickly stabilizing the bearing under 
slider 118 following a disturbance, such as a shock load to disc drive 1 00, or a ramp load 
operation/Depressions 310 are displaced along c^^ 162 and include a floor312 that is. 
recessed from disc-facing surface 178 of cross rail 1^2 and is raised relative to leading 

10 recessed region 1 64. In accordance v^ith one embodiment of the invention, each depression 
310 is recessed 0,2 microns from disc-facing surface 178, which is preferably at bearing 
surface level 140. * 

As discussed above with respect to depressions ,290 of side rails 1 52 and 1 54, 
depressions 310 of cross rail 162 operate to isolate and increase the magnitude of localized 

1 5 positive pressure gradients on disc-facing surface 178 of cross rail 1 62: In this manner, the 
bearing under slider 11 8 can be stabilized more quickly than would be poss^^^ 
depressions 310 which results in quicker stabilization of pitch modulation of slider 118. This 
allows slider 1 1 8 to quickly reach a steady state flying condition following a bearing 
disturbance and retum to perfonning reading and vm 

20 It is to be understood that even though numerous characteristics 

various embodiments of the invention have been set forth in the foregoing description, 
together with details of the structure and function of various embodiments of the 
invention, this disclosure is illustrative only, and changes. may be made in detail, 
especially in matters of structure and arrangement of parts within the principles of the 

25 present invention to the full extent indicated by the broad general meaning of the terms in 
which the appended claims are expressed. 



